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$\oplus_{\Delta=0}^{\infty}V_{\Delta}$ , $v\in V_{\Delta}$ End $V$ ( ) $J_{n}(v)|(n\in \mathrm{Z})$
$J_{n}(v)$ $n$ ,
$J_{n}(v)$ : $V_{a}arrow V_{\alpha-n}$ $\alpha$
$J(v, z)= \sum_{n\in \mathrm{Z}}J_{n}(v)z^{-n-\Delta}$ 2 $z$
$J(v,z)$ $v$
$V$ [: $|0\rangle$ $\in V_{0}$ $T\in V_{2}$ $|0\rangle$
, $\mathrm{i}\mathrm{d}_{V}$ 2 $T$ Virasoro ,
$T(z)= \sum_{n\in \mathrm{Z}}T(n)z^{-n-2}$ , $T(n)=J_{n}(T)(n\in \mathrm{Z})$
$T(n)(n\in \mathrm{Z})$ $\mathrm{i}\mathrm{d}_{V}$ Virasoro $V$
$c_{V}\in \mathrm{C}$ :
















$V$ $\mathrm{C}$ $M$ $V\ni v\mapsto J_{n}^{M}(v)\in$









(1 ) , $N$
$\mathrm{P}^{1}=\mathrm{C}\cup\{\infty\}$ $z$ , $w$
$z=w$ $(1-\Delta)$- $H^{0}(\mathrm{P}^{1}, \Omega^{1-\Delta}(*w))$
$\Delta$ $V_{\Delta}\otimes H^{0}(\mathrm{P}^{1}, \Omega^{1-\Delta}(*w))$ $M$
$(v\otimes f(z)(\ )^{1-\Delta})m={\rm Res}_{z=w}J(v, z-w)f(z)mdz$ $(m\in M)$
$\Delta$ $\mathfrak{g}_{w}^{ou}M$
, $\mathfrak{g}_{w}^{out}M$ $M$ $w$ \acute
outwM $M$ $5\text{ }$ $M/\mathfrak{g}_{w}^{out}M$
$\mathcal{V}_{w}(M)$ Homc $(M/\mathfrak{g}_{w}^{out}M, \mathrm{C})$
3 $\backslash$ , 2
4 $C$ $\mathrm{P}^{1}$ $C$ \mbox{\boldmath $\nu$}‘
5 $w$
149
Homc $(M, \mathrm{C})$ $\phi$ $\phi(\mathrm{g}_{w}^{out}lVI)=0$
, , Homc $(M, \mathrm{C})$
$\phi$ $\phi$
$v\in V_{\Delta}$ $u\in M$ $H^{0}(\mathrm{P}^{1}, \Omega^{1-\Delta}(*w))$ $\phi_{w}(v, u:z)(dz)^{\Delta}$ $z=w$
$\phi_{w}(v,u : z)=\sum_{n\in \mathrm{Z}}\phi(J_{n}^{NI}(v)u)(z-w)^{-n-\Delta}$
$H^{0}(\mathrm{P}^{1}, \Omega^{1-\Delta}(*w))$ $f(z)(\ )^{1-\Delta}$
$\phi_{w}(v, u:z)f(z)dz$ $z=w$ ,
${\rm Res}_{z=w} \phi_{w}(v, u : z)f(z)dz=\sum_{n\in \mathrm{Z}}{\rm Res}_{z=w}\phi(J_{n}^{NI}(v)u)(z-w)^{-n-\Delta}f(z)\$
$={\rm Res}_{z=w}\phi(J^{M}(v, z-w)f(z)u)\$
$\phi$ $\phi_{w}(v, u:z)(dz)^{\Delta}$
$w=0$ , $\mathrm{H}\mathrm{o}\mathrm{m}_{\mathrm{C}}$ (M/ owutM, C) $\mathrm{H}\mathrm{o}\mathrm{m}_{V}(V, D(M))$
, $D(M)$ $M$ \kappa .\Phi (con-
tragredient module) , $V$- $M,$ $N$ $\mathrm{H}\mathrm{o}\mathrm{m}v(M, N)$ V-
1
$\mathrm{H}\mathrm{o}\mathrm{m}v(V_{1}.\cdot,D.(M))$
2 , 2 $\infty$ 0 $V_{}$
$\mathrm{A}/I_{1}$ $\mathrm{A}/I_{2}$ 2 $\mathrm{H}\mathrm{o}\mathrm{m}v(NI_{1}, D(M_{2}))$
3 $\infty,$ $1,0$ $V$- $M_{3},$ $M_{2},$ $M_{1}$






rigid braided tensor category














1 w $w_{B}$ $V$- $M^{a}(a\in A)$ $M^{b}(b\in B)$
2







$.\oplus_{0}^{r}\mathcal{V}_{\{w_{A},0\}(M_{A}\otimes L_{\dot{\iota}})\otimes \mathcal{V}_{\{\infty,w_{B}\}(D(L\dot{.})\otimes M_{B})}}|=$








$\text{ ^{}\backslash \backslash }3$
$V$
, $(u_{A}\mapsto u_{A}\otimes|0\rangle)$
tensor category { $V$ unit object o
1 , , 1
152
14
8 2 , ${\rm Im}\tau>0$ $\tau$ 1
2 $T_{\tau}=\mathrm{C}/\mathrm{Z}+\tau \mathrm{Z}$ ,
$\{w\in \mathrm{C}||q|<|w|<1\}$ $w\sim wq$
$q$ $\tau$ $q=e^{2\pi i\tau}$ $T_{\tau}$
, $\mathrm{C}$ $z$ $T_{\tau}$ $z=0$
$T_{\tau}$ $Q=[0]$
$w=1$ , $z$ $w$ $w=e^{2\pi 1z}.-1$
$\mathrm{Y}(v, w)$ $T_{\tau}$ $\mathrm{Y}[v, z]$
$\mathrm{Y}[v, z]=\mathrm{Y}(v, e^{2\pi\dot{\mathrm{z}}z}-1)e^{2\pi iz\deg\dot{v}}$
$9\text{ }$
$z$










$\mathfrak{p}(z,\tau)(\ )^{1-\Delta}\in H^{0}(T_{\tau}, \Omega^{1-\Delta}(*Q))$
8 1
9 Y.-Z Huang




${\rm Res}_{z=0}\mathrm{Y}[v, z]\mathrm{l}\ =v[0]$ ,
${\rm Res}_{z=0} \mathrm{Y}[v, z]\mathfrak{p}(z, \tau)\ =v[-2]+ \sum_{n=1}^{\infty}(2n+1)G_{2n+2}(\tau)v[2n]$
, $O_{q}(V)\subseteq$ outQV 11 ?V $=O_{q}(V)$
$\mathcal{V}_{Q}(V)=V/O_{q}(V)$ , $Q$ $V$ 1 (
1 - $v\in V$ $\tau$ ) $S(*, \tau)$ $O_{q}(V)$
0 , , , $\tau$
$q=e^{2\pi}:\mathcal{T}$ ,

















$\bullet$ Virasoro $V$ $\{T(n)\}(n\geq 0)$
,













Zhu 16 ( ) (
$\nu V_{i}(0\leq i\leq r)$ , V-










, $V$ $C_{2}$ , $\mathrm{C}\mathrm{o}\mathrm{r}_{Q}(V)$
C[[q]]-
, $\mathrm{C}\mathrm{o}\mathrm{r}_{Q}(V)$

















2 2 , , 0 $\infty$
156
3 2 0, $\infty$ $\oplus_{i=0}^{r}L_{i}\otimes\nu V_{i}$ ,








2 0, $\infty$ , $L_{i}$
$\dot{\text{ }}$ D(L ,
2 0, oo $L_{i}$ , D(L –
, $\mathrm{H}\mathrm{o}\mathrm{m}_{V}(L_{\mathrm{i}_{1}}L_{i})\cong \mathrm{C}\cdot 1$ , $\mathrm{A}\backslash$
$r+1$
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